Nonlinear wave decay processes have been detected in the solar wind by the plasma wave ex-I periment aboard the AMPTE-IRM spacecraft. The main process is the generation of ultra-lowfrequency ion-acoustic waves from the decay of Langmuir waves near the electron plasma frequency. Frequently this is accompanied by an enhancement of emissions near twice the plasma frequency. This enhancement is most likely due to the generation of electromagnetic waves from the coalescence of two Langmuir waves. These processes occur within the electron foreshock in front of the earth's bow shock. 6
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ment, testing, integration, and data reduction for this experiment: in par- 
Observations would show the generation of ion acoustic waves in conjunc-
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tion with an enhancement in the intensity and an increase in the bandwidth of
5,.
Langmuir waves and the appearance of transverse waves. Previous spacecraft have observed ion acoustic waves in the vicinity of the bow shock in the region from which the 2fp radiation was detected.
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Although this supports the role of acoustic waves in the generation process, it does not distinguish between the two possible generation mechanisms.
Data from the stepped frequency receiver (SFR) aboard the ANIPTE IRM spacecraft supports the decay process as the mechanism for the generation of transverse waves at twice the electron plasma frequency near the earth's bow shock in the solar wind.
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II. INSTRUMENT
The stepped frequency receiver (SFR) is part of the plasma wave instrument on the AMPTE IRM spacecraft. For a description of the entire plasma wave instrument see Hausler et al. 6 The SFR simultaneously operates over three linear frequency bands that cover the frequency range from 200 Hz to 100 kHz.
The low-frequency band covers 200 Hz to 2.5 kHz. The mid-frequency band covers 1 kHz to 10 kHz and the high-frequency band covers 10 kHz to 100 kHz.
The instrument can be operated in a variety of modes and sensitivities as described by Hausler et al. 6 The skirts on the filters are very steep. For a 0 dB input signal into the center of a 3 kHz wide channel in the high-frequency band, the adjacent channels will detect a signal at -45 dB.
S'The plasma wave instrument also contains a wide-band analog receiver. It 0consists of an automatic-gain-control receiver covering the frequency range from 650 Hz to 10 kHz as a baseband channel, and a frequency-modulated subcarrier at 13.5 kHz which contains a dc compressor output for the frequency range from 5 Hz to 1 kHz. The signal directly modulates the S-band telemetry carrier frequency.
A difficulty with the observation of plasma wave nonlinearities is the inherent nonlinearity of the receivers used to make the measurements. The SFR on the AMPTE IRM has a dynamic range of 60 dB. The upper limit of the range, which can be set at 1 V, 100 mV or 10 mV, was set to 10 mV for the measurements reported in this report. For amplitudes near the upper input level for p.
each range, virtually no nonlinearities are observed in the receiver. How-.
ever, if this level is exceeded, then harmonic, intermodulation, and interband distortion are observed.
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At levels below 3 mV on the 10 mV scale there is essentially no distortion of any type. Although the harmonic distortion is low at 10 mV, it rises rapidly for signals only a few dB above 10 mV. Interband distortion in the instrument shows up in the same channel number in a different frequency band. For example, a strong signal at 51,000 Hz (channel 15 ) in the highfrequency band can produce a signal at 5,100 Hz (channel 15) in the mid-III. DATA 
We interpret the waves below 3 kHz to be electrostatic ion acoustic waves generated by the decay process:
L =L' +S for only nine seconds during the period shown. This form of distortion occurs when the input signal is greater than 30 mV on the 10 mV scale in the high frequency SFR. Certainly at these times we would expect to find significant -harmonic distortion. Generally, that is the case, although there are some exceptions near 0715:35 UT. Panel (a) shows the intensity of the harmonic of the Langmuir waves. It shows a very erratic behavior with frequent variations of 40 dB in one second. The important point to note is that some of these increases are not accompanied by interband distortion. In particular, the enhancements of the harmonies at 0715:24 UT, and especially at 0715:50 UT, * exceed 2.8 volts output without a simultaneous increase in the interband distortion. In fact, at 0715:50 UT, the maximum intensity does not appear exactly at the harmonic, but 6 kHz above the harmonic. The spectrum for this time period is shown in Figure 5 . We take the spectral width of the harmonic to be the best evidence that the enhanced levels at the harmonic at this time are natural signals in the environment detected by the plasma wave receiver and not distortion in the instrument. Because of the rapid changes in the intensities of all of the waves involved in this process, it was sometimes
necessary to examine the spectrum on a second by second basis to separate the instrumental effects from the natural nonlinearities.
We interpret the natural enhancement at the harmonic of the Langmuir wave .frequency to be transverse waves generated by the coalescence process:
We would not expect there to be an exact correlation among the three waves because the transverse waves are electromagnetic and can travel long distances compared with the Langmuir waves and the ion acoustic waves which are most likely produced locally. The rapid changes in the amplitude of the Langmuir waves also obviate a detailed correlation with the other waves.
In the data analyzed to date, there are several instances where the Langmuir waves suddenly increase in intensity and remain at relatively high -levels for several seconds at a time, but they do not exceed the 0 dB limit that produces instrumental nonlinearities. All three waves, Langmuir, acoustic, and transverse, increase in intensity essentially simultaneously on "* the one second time scale of the measurement.
Such relatively weak examples can be used to roughly estimate an intensity matrix for the process. Table 1 shows one example of intensities measured on October 31, 1984 at 0840 UT. These should not be taken as a rigorous measure of the strength of the process. The emission levels in the interaction region will almost certainly saturate the receiver in the high sensitivity range used during the time period of these observations. The lower levels above are most likely due to waves that have propagated some distance from the interaction region. S.,,
F
12
SNO
Another example is shown in Figure 6 . Here there appear to be two types of acoustic waves. The waves generated by the decay process "rise" from the bottom of the spectrogram in the bottom panel. They are strongest after 1413 UT in the figure. Other waves, which also appear to be acoustic waves at the left and right end of the middle panel, seem to "fall" from the Langmuir waves in the top panel. All of the observations that we attribute to the decay process have been associated with the lower frequency waves that generally decrease in intensity with increasing frequency. The two types of acoustic waves are generally not observed simultaneously. Onsager et al. 7 have identified the waves that extend down from the plasma frequency as beam-driven electron acoustic waves. These waves occur coincident with increases in a.'. energetic (>9 keY) proton fluxes. The plasma data from the AMPTE quick-look survey plots show a clear correlation between the electron acoustic waves and the presence of energetic ions. In that data we find an anti-correlation between the presence of the ion acoustic waves associated with the enhanced Langmuir waves and the energetic ions.
Filbert and Kellogg 8 showed that the amplitude of electrostatic noise near the plasma frequency was strongest for field lines that are nearly tangent to the earth's bow shock, and that the amplitude diminished as the depth of penetration increased. The depth of penetration was measured by a parameter which they called DIFF, which has the units of earth radii. A model paraboloid was used to represent the shape of the bow shock. When the magnetic field line passing through the satellite intersects the bow shock, DIFF is defined as positive, and it is the distance along the X axis in GSE coordinates that the field line must be translated until it is tangent to the model shock paraboloid. If the field line does not intersect the model paraboloid, * DIFF is negative. We have computed DIFF using the same model paraboloid for 21 cases when the nonlinear decay process was observed. Low resolution summary plots were used to obtain the azimuth and elevation of the magnetic field in GSE coordinates. The accuracy of DIFF is estimated to be -3 Re. We must emphasize that these results are based on a model paraboloid.
Since the actual shock position varies by several earth radii, we believe that the results only indicate that the process occurs within the electron foreshock region in front of the bow shock.
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IV. DISCUSSION
The ion acoustic waves described in this report differ in the solar wind from those reported previously 5 in that they are not associated with either ion beams or a dispersed ion distribution. They occur in conjunction with enhancements of waves at the electron plasma frequency and are strongest in the electron foreshock region. Program verification, program translation, performance-sensitive system design, distributed architectures for spaceborne computers, fault-toletant computer systems, artificial intelligence, microelectronics applications, communication protocols, and computer security.
Electronics Research Laboratory:
Microelectronics, solid-state device physics, compound semiconductors, radiation hardening; electro-optics, quantum electronics, solid-state lasers, optical propagation and communications; microwave semiconductor devices, microwave/millimeter wave measurements, diagnostics and radiometry, microwave/millimeter wave thermionic devices; atomic time and frequency standards; antennas, rf systems, electromagnetic propagation phenomena, space communication systems.
Materials Sciences Laboratory:
Development of new materials: metals, alloys, ceramics, polymers and their composites, and new forms of carbon; nondestructive evaluation, component failure analysis and reliability; fracture mechanics and stress corrosion; analysis and evaluation of materials at cryogenic and elevated temperatures as well as in space and enemy-induced environments.
Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray physics, wave-particle interactions, msagnetospheric plasma waves; atmospheric and ionospheric physics, density and composition of the upper atmosphere, remote sensing using atmospheric radiation; solar physics, infrared astronomy, infrared signature analysis; effects of solar activity, magnetic storms and nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; effects of electromagnetic and particulate radiations on space systems; space instrumentation.
